that greater running distances during an intermittent running test to exhaustion were found following a 48 h high CHO diet relative to a normal diet. Similarly [ 2 ] a high CHO diet prior to small sided soccer games resulted in the players completing a signifi cantly greater amount of high intensity activity. In addition to maintaining a diet high in carbohydrate, several studies have argued that pre-exercise meals favourably impact upon endurance performance [ 20 , 26 ] . Moreover, prolonged intermittent exercise performance may also benefi t from the ingestion of pre-performance meals high in CHO. Researchers [ 16 , 17 ] have prescribed a single pre-exercise meal prior to a soccer specifi c intermittent exercise protocol and found that both high and low glycaemic index CHO meals improved repeated sprint performance compared to a fasting state. Following a high CHO meal (HCM) Chryssanthopoulos et al. [ 7 ] has suggested a potential 10 % increase in muscle glycogen. Relatively few studies have investigated the eff ect of a single high fat meal (HFM) compared to a single HCM [ 21 , 22 , 28 ] . Whilst, their fi ndings have indicated Abstract ▼
Introduction

▼
The need to maintain glycogen stores during soccer has been previously illustrated [ 1 ] as performance can be severely aff ected as muscle glycogen levels are depleted. Similarly previous research [ 25 ] found a signifi cant reduction in muscle glycogen after 90 min of match play, and observed that distance covered was reduced for players expressing lower levels of muscle glycogen compared to those with higher levels. More recently, authors [ 15 ] investigated muscle glycogen levels pre and post match, and observed a decrease (449 ± 23-255 ± 22 mmol . kg − 1 d. w.) in overall muscle glycogen levels and found that 47 % of the muscle fi bres were completely or almost empty of glycogen after the match. It is clear that muscle glycogen levels are reduced playing soccer, and that this may impact on the high intensity work during the game, especially the latter stages of matches. In order to optimise muscle glycogen levels, the provision of diets with high carbohydrate (CHO) content is advocated. It has been observed [ 3 ] Pre-exercise meals containing carbohydrates (CHO) are recommended to athletes, although there is evidence to suggest that a high fat meal prior to exercise increases utilisation of fats yet may not adversely aff ect performance. This study investigated the eff ect of a high fat and high CHO pre-exercise meal prior to high intensity intermittent exercise. Ten male recreational soccer players performed a soccer specifi c protocol followed by a 1 km time trial 3 ½ h after ingesting one of 2 test meals, high fat meal (HFM) or a high CHO meal (HCM). Blood glucose, fatty acids (FA), glycerol, β-hydroxybutyrate, lactate and insulin were assessed prior to the meal, pre-exercise, half-time, and post-exercise, whilst rates of CHO and fat oxidation were determined at 4 time points during the exercise as well as heart rate (HR) and rating of perceived exertion (RPE). Signifi cant increases in FA, glycerol, β-hydroxybutyrate and fat oxidation after the HFM were observed, while CHO oxidation was signifi cantly higher following the HCM (P < 0.05). No performance eff ect was found for the 1 km time trial (HFM: 228.6+14.4 s; HCM: 229.4+26.5 s) (mean+SD). These fi ndings suggest that the type of meal ingested prior to soccer simulated exercise has an impact on metabolism, but not on the subsequent performance as determined in the present study. no improvements in performance for a cycling capacity test [ 21 , 22 ] or for time trial performance [ 28 ] , critically these studies demonstrate no performance decrements. Underlying these observations is the principle that a HFM enables an increase in fatty acids (FA) availability during the postprandial period and onset of exercise, an increase in the rate of fat oxidation resulting in a matched or enhanced performance. The purpose of the present study was to investigate the metabolic and performance eff ects following consumption of a HFM and HCM prior to high intensity intermittent exercise. This approach to nutritional preparation prior to a simulated soccer protocol has not been investigated before, which adds to the novelty of the current study. Both meal design and timing of consumption were intended to convey a realistic scenario commonly observed in professional soccer. We hypothesised that the HFM would promote fat availability and oxidation, and maintain 1 km time trial performance after 90 min of high intensity intermittent exercise.
Method
▼ Participants
Ten male recreational soccer players all of whom trained twice a week and played a weekly competitive match were recruited for the study (Age: 24.3 ± 2.3 yrs [range: 21-26 yrs]; Body height: 176 ± 6 cm [range: 1.60-1.85 cm]; Body mass: 74.2 ± 9.8 kg [range: 57.95-85.75 kg]). Participants provided written informed consent and the study was approved by the Liverpool John Moores University Ethics Committee. Furthermore, the study was performed in accordance with the ethical standards of the International Journal of Sports Medicine [ 13 ] .
Experimental design
Each participant was required to attend the laboratory a minimum of 4 occasions (environmental laboratory conditions did not diff er between trials, with average temperature and humidity set at 19.7 °C and 28.9 %). The fi rst 2 were for familiarisation of the intermittent treadmill protocol, in which participants completed 15 min of the intermittent treadmill protocol, and then undertook a 1 km time trial. If the completion time for the time trial was greater than 2 %, additional laboratory visits were replicated in the same fashion as described above, until testretest times were within 2 %. Only 1 of the participants had to attend the laboratory for a third visit due to his test retest results being > 2 %. The fi nal 2 visits were to complete the experimental condition, which were conducted in a counterbalanced manner separated by 7 days.
Test meals
Test meals ( • ▶ Table 1 ) varied in macronutrient content although the total energy intake was similar (HFM -995 kcal: HCM -984 kcal). The macronutrient content for the HFM was CHO: 22 %, protein: 14 %, fat: 64 %, and for the HCM (Estimation of Glycaemic Index = 41 [ 9 ] ) the macronutrient content was CHO: 61 %, protein: 17 %, fat: 22 %. Replicating common practise within soccer, participants consumed the same standardised breakfast of cereal and fruit juice (total energy = 377 kcal; CHO = 79 g; Fat = 3 g; Protein = 13 g) on both test days at 8 a.m., with participants also abstaining from alcohol and any strenuous exercise for 48 h prior to the test. The diet 24 h prior to the test was also kept constant for both trials. Participants consumed on average 346.8 g CHO with a total calorie intake of 2 303.6 kcal, which represents 60 % energy coming from CHO.
Protocol
Following collection of the fi rst venous blood sample (20 mL) at approximately 11.10 a.m., participants consumed the test meal at 11.30 a.m. (i. e. 3½ hours before the start of exercise and replicates the current practise of professional soccer players for a 15.00 p.m. kick off ). Blood samples were collected from fi nger prick samples pre-meal, and at 5, 30, 60, 90 and 120 min post meal for the determination of glucose (Glucose Hemocue 201+, Hemocue, Ängelholm, Sweden). During the postprandial period, participants drank 1 L of water and rested until they returned to the laboratory at 14.30 p.m. for the pre-exercise blood sample. A standardised warm up consisting of light jogging and static stretching was instigated prior to the start of the protocol at 15.00 p.m. The soccer specifi c protocol [ 8 ] was completed on a motorised treadmill (H/P Cosmos Pulsar, Nussdorf-Traunstein, Germany). This protocol has been used in a previous study investigating pre-exercise meals for intermittent high intensity exercise [ 14 ] . The protocol imitates the activity patterns that occur in soccer matches and includes bouts of walking (31-39 s), jogging (41-46 s), cruising (41-45 s), sprinting (16-21 s) and standing stationary. The proportion of each individual activity is similar to those obtained from motion analysis [ 24 ] and comprises of 2 22 min 30 s blocks to comprise one half of 45 min; a total of 4 blocks with a 15 min half time constituted the whole trial. During the fi rst 45 min, capillary blood samples were collected and analysed for blood glucose after 10, 20, and 30 min in order to ascertain if rebound hypoglycaemia was evident in the early stages of exercise. A 15 min half time break was provided during which subjects drank 5 mL · kg − 1 of water and a further venous blood sample was collected. The second 45 min was a replication of activity patterns experienced during the fi rst 45 min, totalling 90 min before a fi nal venous blood sample was collected immediately post-exercise and before participants ran the 1 km time trial. Venous blood samples were collected from the antecubital vein pre-meal, before exercise, at half time, and after exercise, and analysed for fatty acid (FA), glycerol, β-hydroxybutyrate and lac-tic acid using enzymatic spectrophotometric assays on a RX Daytona clinical chemistry analyser (Randox, Co. Antrim, UK). Serum samples were also analysed for insulin using an Immulite 1 000 immunoassay analyser (Siemens Healthcare Diagnostics, Illinois, USA). At 4 time points during the protocol (10, 35, 55, and 80 min) expired gas was collected for 90 s using Douglas Bags (Cranlea, Birmingham, UK) and analysed with a Servomex 1 440 Gas Analyser (Servomex, Crowborough, UK), from which calculations of fat and CHO oxidation were made [ 10 ] . Subjective measurements of rating of perceived exertion [ 6 ] were recorded every 5 min. Heart rate was continually measured and averaged over 5 min periods using a Polar S610 (Polar, Kempele, Finland). A schematic of the protocol can be seen in • ▶ Fig. 1 .
The performance test was a 1 km time trial that was self paced during which participants were blinded to the time and speeds displayed on the treadmill. A performance test rather than a test for exercise capacity (i. e., time to fatigue) was deemed more appropriate and represented a consideration of 'what was left in the fuel tank'. Furthermore, such a high intensity task would necessitate use of all muscle fi bres, although the type IIx fi bres would be signifi cantly employed [ 12 ] .
Statistics
SPSS software (version 17 SPSS, Chicago, IL) was used for data entry and analysis. Analysis of variance for repeated measures on 2 factors (experimental condition and time) was used to analyse diff erences in the physiologic and metabolic responses in both trials. If a signifi cant interaction was obtained, a least signifi cance diff erence post hoc test (Bonferroni) was used to determine the location of the variance [ 5 ] . A paired t-test was used to analyse time trial performance times. Diff erences were considered signifi cant at P < 0.05. All data are presented as the mean ± SD.
Results
▼
There were no diff erences between HCM and HFM for blood glucose, insulin and lactate concentrations ( • ▶ Fig. 2 , 3 , 5 ), only a signifi cant eff ect for time (p < 0.05) for blood glucose was apparent. It must be noted that when the area under the insulin-time curve is measured (HCM: 25.6 ± 13.7 μIU.mL; HFM: 20.9 ± 11.1 μIU. mL), although not signifi cant (p = 0.059), it does suggest a tendency that may be of physiological importance. Signifi cantly higher plasma glycerol and FA concentrations ( • ▶ Fig. 4 ) were observed after the HFM than the HCM (p < 0.001) and likewise for β-hydroxybutyrate (p < 0.05) ( • ▶ Fig. 5 ). All metabolites increased over time (p < 0.05), and signifi cant interactions observed for plasma glycerol and FA (p < 0.005). The rate of fat oxidation was also signifi cantly greater after the HFM than the HCM (p < 0.05), whereas CHO oxidation was signifi cantly higher after the HCM than the HFM (p < 0.05) ( • ▶ Fig. 6 ). Fat oxidation was also observed to increase over time (p < 0.05) and was approaching signifi cance for an interaction eff ect (p = 0.055). Performance completion times were 229.4 ± 26.5s and 228.8 ± 14.4 s following HCM and HFM respectively, indicating similarities between conditions. Individual analysis observed that 5 participants were faster after HCM and 5 were faster after HFM. In addition, there was no signifi cant eff ect on performance when data was analysed by test order (Test 1: 226.2 ± 14 s; Test 2: 231.8 ± 26.4 s). 
Discussion
▼
The main fi nding from this investigation was increased fat oxidation and fat metabolites following the ingestion of a HFM, resulting in similar performance for the 1-km run following the intermittent high intensity exercise. Fat oxidation following consumption of the HFM was 28 ± 7.71 % greater than that observed following the HCM. Conversely, CHO oxidation was 35 ± 6.36 % greater following the HCM compared to the HFM. Previous research [ 16 ] observed greater fat oxidation with the fasted control compared to high and low glycaemic meals during a simulated soccer protocol. However, present data indicates an exaggerated increase in fat oxidation with the consumption of a HFM. Furthermore, fat metabolite responses are in accordance with previous research; with signifi cant increases in FA [ 21 , 22 , 28 ] , glycerol [ 21 , 22 ] and β-hydroxybutyrate [ 21 ] after the ingestion of a HFM and during subsequent exercise performance. The observations of FA are consistent with others who report increases over the 90 min of match play, irrespective of the preexercise nutritional strategies employed [ 15 ] . Meals that are high in CHO suppress plasma FA concentrations [ 28 ] , which may be the case since the HFM contained 59.4 g of CHO compared to 160 g with the HCM. Elevated glycerol concentrations following the HFM were observed in the current study and are in agreement with others [ 28 ] . This fi nding may be indicative of an enhanced rate of lipolysis. An increase in β-hydroxybutyrate concentration was also found throughout exercise following ingestion of the HFM, which may refl ect stimulation of hepatic ketosis due to greater levels of fat metabolism. This result refl ects similar observations in cycling [ 21 ] . The presence of elevated concentrations of fat metabolites following the consumption of a HFM relative to the HCM may be attributed to the greater availability of fat following the HFM. However, it may also be a consequence of an elevated insulin concentration preceding the HCM, as insulin is a known antilipolytic hormone that may suppress lipolysis. Notionally, the consumption of a HCM should mediate insulin release and a subsequent inhibition of lipolysis [ 17 ] . Whilst no signifi cant eff ect for insulin concentration was noted between protocols, analysis of the area under the insulin-time curve may suggest a tendency towards a physiological diff erence favouring the HCM. A limiting factor within the current investigation was the absence of insulin measures during the postprandial period. Montain et al. [ 19 ] showed that despite similar postprandial insulin concentrations 4 h prior to exercise compared to 12 h postprandially there was a diff erence in CHO oxidation and fat metabolites between conditions, supporting a long lasting eff ect of insulin. Consistent with the current investigation Whitley et al. [ 28 ] reported no significant diff erences in insulin concentrations following the consumption of either a HFM or HCM during exercise. However, again insulin was not analysed postprandially so similar caveats to the present investigations may be warranted. This contrasts the observations from previous research [ 21 ] that noted significant elevations in insulin concentrations after a HCM relative to [ 11 ] . A possible explanation for the performance impairments with these studies is the high fat diets they utilise may result in a reduction in muscle and liver glycogen stores prior to exercise. This is unlikely to have occurred in the present study as the participants consumed a normal diet in the 24 h period leading up to the investigation, which on average consisted of 346.8 g of CHO, and the same high CHO breakfast was also consumed on the morning of the test day. The observations that the HFM did not impair performance may be attributable to the additional CHO intake (79 g) consumed within the standardised breakfast in addition to the likelihood of an adequate carbohydrate intake in the 24-h prior to the trial (~350 g).
In conclusion, following a standardised breakfast and an adequate carbohydrate intake over a previous 24-h period, ingestion of preexercise meals with a high fat or high carbohydrate content produce a similar performance during a 1 km time trial after a 90-min simulated soccer protocol on the treadmill despite variations in CHO and fat oxidation. Under these conditions soccer players may have a broader choice of foods than usually recommended. 
